Analyses of thp experimental results of tests made between 1200*F and 1500 0 F indicate that between 1 and 0.088 micron partial pressure of hydrogen, the dehydriding process is controlled by the second order reaction 2H (interstitiai) = H2 (gas) with an activation energy of 21,760j1840 cal. Below 0.088 micron partial pressurc uf hydrogen, the process appeared to be controlled by the rate of removal of H 2 mlok-'Jles clin&ing tc the powder surfaces. The type of vacuum system used for dehydriding is believed to be the major factor for removal of th-e-se molecules.
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INTRODUCTION
Titanium alloys have very attractive service properties (such as high strength, toughness, low density and corrosion resistance) for aircraft applicaticis. However, the high unit costs for finished titanium 0lloy parts limit the full utilization of these materials because of economic considerations. Major factors controlling the cost of titanium alloy parts are raw materials and processing (such as SWchining) costs, and methods for reduction of these costs are of vital interest to the U. S. Air Force. The use of titanium alloy powders, instead of ingot material, for the production of metal products is a \,.dslng cost reduction method. The potential cost benefits from metal powder use are less mactining costs and less scrap generation (5-10 of original weight for pow*ir compared to 70-80% for ingot material).
(Reference 1).
Seve.0l manufactiring processes have been used to produce titanium alloy powders. These are hydride-dehydride, rotating electrode process, atomization, electrolysis, "Durarc", mechanical attrition, and self attrition. At present only two of the above processes (rotating electrode process and hydride-dehydride) are established commercial processes.
Tne hydride-dehydride process has the potential for producing titanium alloy powders at lower costs than the rotating electrode process because the hydride-dehydride process can utilize both scrap and new material of any geometry while the rotating electrode process requires preoared bar stock for producing powders. Therefore, from cost reduction considerations, the hydride-dehydride process for making titanium ulloy powders was considered worthwhile for investigation.
Since hydrogen drastically reduces the mechanical properties of titanium alloys, an important step in the hydride-dehydride process is the removal of the hydrogen from the titanium alloy powder. A search of the literature showed very little detailed information on the temperaturetime-pressure variations required for dehydriding titanium alloys,
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The need of this data for proper evaluation of hydride-dehydride tit3nium alloy powders as a cost reduction method for making 3ircraft parts instigated studies in this area. The investigation described in this report was undertaken to determine practical processing conditions (temperature-time-pressure) for reducing hydrogen contents of hydrided titanium alloy (6246) powders to levels below 100 ppm. From the above limited guidelines, the following assumptions were made. On thermal decomposition in vacuum of hydrided Ti alloy 6246, the interstitial atoms of hydrogen will be eliminated as molecular hydrogen.
In the temperature region of 649 to 871 0 C (1200 to 1600 0 F) both a and B phases will be formed and the elimination of hydrogen will be accompanied by a gradual reduction of the unit cell dimensions of both these phases.
The evolution of hydrogen follows the general reaction:
The decomposition involves the following successive processps:
1. Lattice diffusion of interstitial hydrogen atoms at the solid-gas interface surface.
2. Combination of hydrogen atoms at the surfaces to give adsorbed hydrogen molecules.
3. Desorption of hydrogen molecules from the surface.
The overall velocity of a reaction is determined by the velocity of the slowest unit process of the reaction and establishes the time required for completion. Therefore, in this investigation, an attempt was also made to determine the dehydriding mechanism which controls the zompletion time for dehydr 4 ding Ti alloy 6246.
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The -45 mesh size hydrided powder of Ti-6246 alloy was obtained from
Titanium Metals Corporation of America, the composition of which is given in Table I .
DEHYDRIDING
The schematic diagram of the complete set up for dehydriding is shown in Figure 3 . The furnace used was a Hevi-Duty box electric furnace of Type G-153010-CUBH, which had a temperature control within +10 0 F in the tirnperature range of 1200°F (649 0 C) to 1600 0 F (871*C). A 15 gm sample from hydrided alloy powder was weighed and kept in a 2-3 inch long titanium tube, the ends of which were crimped. This crimped titanium tube was kept in the quartz tube, which, in turn, was pushed into the constant temperature zone of the furnace. The temperature of the powder was measured by a chromel-alumel thermocouple, the tip of which was kept touching the titanium tube and the temperature was recorded on a Honeywell Recorder. The vacuum system had a 2 inch diameter diffusion pump and a Kinney mechanical pump Model KC-8 of capacity 8 cu.ft./min (227 liters/min). To measure pressure, an NRC thermocouple and emission regulated ion gauge control Type 710B was used. The whole system could reach a vacuum of 1.8 x lO torr by leaving it overnight. Each time, the system was evacuated overnight before putting the quartz tube into the furnace. To stop the dehydriding, the quartz tube was pulled out of the furnace and was allowed to c,-l in air. fDebye-Scherrer patterns were taken using 114.6 nin camera and copper radiation with a NI filter. Lattice pardmeters .ere calculated with the help of a computer program.
METALLOGRAPHY I
Standard technique for mechanical polishing the samples, followed t by chenical etching (10 ml Hf, 30 ml HNO3, 50 ml water) was used.
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RESULTS
In the beginning of the present investigation, the dehydriding at different temperatures was done up to 0.1 micron pressure and the samples after dehydriding were analyzed for hydrogen concentration. The results of the hydrogen concentration as a function of temperature from these first series of experiments are shown in Table II Table II that as the temperature increases the concentration of hydrogen decreases up to 1500*F for thee saie value of partial pressure; for example, at 1207°F (653 0 C) the concentration of hydrogen is 0.0424% whereas at 1500OF (815.5 0 C) the concentration of hydrogen drops dfown to 0.0151%. This set of data indicated that to get the desirable hyd1rogen concentration in the alloy (less than 100 ppm) further dehydridi:Pi' up to a value lower than 0.1 micron partial pressure of hydrogen is needed. Therefore, a new set of data were obtained at temperatures from 13504F (732 0 C) to 160GWF (871°C) and were left overnight so as to attain minimum partial pressure of hydrogen obtainable with the vacuum system. The results of hydrogen concentration are shown in Table II from sample Po. 14 to 19. Sample dehydrided at 1500*F up to 0.02 micron gives the minimum hydrogen concertration, .e., 0.0057 wt.
•. The dehydriding curves as a function of time at 1207°F and 1255 0 F from the first series of experiments and at 1350 0 F, 1500 0 F, and 1600OF from the second series of experiments are shown in Piqure 4. In Figure 4 , it is found that the higher the temperature the lesser the time required to reach the sarm partial pressure cf hydrogen except at 1600 0 F, which shows a kind of inversion.
By "decomposition in vacuum" it is meant that the evolution of hydrogen begins in vacuum but that, as the reaction proceeds, the pressure of molecular hydrogen builds up, which in the experiments described-wa-more than 1000 microns at the temperatures under consideration and then follows the decrease in pressure as a function of time. Figure 5 shows that within experimental error there is a linear
relatinnship between x/(a-x) and the time; a is the initia4 interstitial hydrogen concentration (107 H atoms/100(Ti+Zr) atoms) and (a-x) the concerstration after tine t. The data points in Figure 5 are at and I( below 1.5 micron partial pressure of hydrogen. Though the hydrogen concentraticn was determined analytical iy at least at two or more partial I pressures of hydrogen at one temperature, to determine more points, it i was assumed that Sievert's law (concentration of hydrogen a /pH2 for dilute solutions) is obeyed, whic;i is a valid assumption in the hydrogen concentration range of 0.0908 to 0.0057 wt. % hydrogen. 
I
To follow up the changes in the phases and their crystal structure and sizes at different hydrogen concentrations. Samples were taken by stopping the dehydriding at different partial pressures of hydrogen at 1255*F, i.e., at 25, 12, 1, 0.5 and 0.1 micron pressures. The hydrogen concentration at these partial pressures of hydrogen aie shown in Table 1I , i.e., samples No. 9 to 13, and the results of room temperature X-ray diffraction patterns are shown in Table IV . In this table, for the sake of comparison, the results of the starting material and for the sample having only 0.0062 wt. I hydrogen (1600*F) are also included. Figure 6 shows the changes in size of unit cells of both a and 8 phases as a function of hyc.-ogen concentration in the alloy. Also the change in lattice paraneter of B-phase (bcc) is given in Figure 7 . This change -follows a straight line within experimental error. As the hydrogen concentration is decreased, the size of the unit cell in both a and B phases shrinks. 
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Then the experimental observation that the reaction is of the second order with respect to the interstitial hydrogen concentration is explained.
It follows that, in making this assumption, we associate the experimental activation energy, E, with the process given by Equation 2. The energy of activation (Reference 4) may also be estimated by Eyrirg's empirical rule that this energy is about one-quarter of the energy of the 
which shows that it takes about 14 seconds ior hydrogen atoms to diffuse up to the surface of a particle of 100 microns diameter in the a-phase AFML-TR-74-31 of titanium and about 22 seconds in the n-phase c., titanium a t 1500'F and at 12GOF, it takes 60 seconds in the c-pha' z and 25 seconds in the B-phase of titanium for the diffusion of hydrn.jen for the same size of particle. Though the values of diffusion coefficients will not be the same in the alloy under consideration, it seems unlikely to reduce the diffusion rates to an extent that it will become a controlling factor in kinetics. Therefore. diffusion of hydrogen is not a controlling factor in the kinetics of oe;.:,driding the Ti-6A1-2Sn-4Zr-6Mo hydride alloy powder. However, at lower partial presiures, in Figure 5 , the data points seen to deviate from straight line, for example, at 1207OF and 1255°F all the data points fall on the straight line (1 to 0.1 microns), at 1350VF, the last data point does not fall on the same line. At 1500°F, the data point below 0.045 micron does not fall on the same line, and similarly at 1600°F, data points below 0.075 micron deviate from the straight line. This indicates that at lower partial )ressures of hydrogen, the controlling factor is not the breakint of hydrogen bonds at the surface. The time at lower pressures is much irrre than what it would have been if it was due only to second order reaction. The reason (Reference 7) may be that at lower pressures (less than 0.1 micron) the molecules no longer behave like fluids but like hard balls hitting along the walls of the tube and it takes much longer time to remove the molecules from the system, therefore, it 'iill depend upon the geometry and type of vacuum system used. Also, at 1600°F, it takes a longer time to attain the same hydrogen concentration as compared to the hydrogen concentration at 1500°F. It may be due to the amount of B-phase present in the alloy. The ci*8 transus temperature for the Ti-6A1-2Sn-4Zr-614o alloy is 1720_+O 0 F depending upon the oxygen concentration in the alloy.
However, the presence of hydrogen will further bring down the a 4L transus temperature. Therefore, at 1600°F, it is either all a or very close to all b-phase, in which the solubility of hydrogen is higher as compared to the a-phase (Reference 8). Since it has higher solid solubility for hydrogen, it will take longer time to achieve the same partial pressure of hydrogen as at 1500*F. Considering all these factors and on the basis of data obtained, it will not be wrong to conclude that 1500F is the optimum temperature to dehydride the Ti-6A1-2Sn-4Zr-Wto alloy hydride powder.
As shown in Table IV , the starting material is (Ti, Zr)Hl14 + 8-phase, which is in good agreeipw t with the results of the ternary Ti-Zr-H phase diagram (Reference 9) isGthermal section at 750(C for 107 H atoms/ 100 (Ti+Zr) Ptoms. It appears frno Table IV that within a few minutes, there is no longer a hydride phase in the alloy, but a and 8-phases.
Even at 25 microns pressure the hydrogen is in a and a-phases. In the process of dehydriding. hydrogen is removed from both the a-and 0-* phases, thereby giving rise to a decrease in the sizes of unit cells of both the phases as is shown in Figure 7 .
In a single a-phase alloy, hydrogen is known to precipitate out at room temperature in the form of hydride needles because of the negligible solid solubility of hydrogen at room temperature. However, in the present alloy, no hydride needles were observed as shown, in Figure 8 . However, the amount of B-phase is higher in the powder which has 908 ppm hydrogen as compared to the alloy which has only 224 ppm hydrogen. For comparison, in Figure 9 , the hydride needles can be seen in the Ti-6246 hydride particles.
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SECTION VI CCNCLUSIONS 1. It has been established that Ti-6A1-2Sn-4Zr-6"o alloy hydride powder can be dehydrided to a desired level of hydrogen concentration within a practical time (overnight) and the optimum temperature is 1500OF to dehydride. At 1500 0 F and 0.02 micron pdrtial pressure of hydrogen, 57 pp-n hydrogen concentration in the alloy has been obtained. Therefore, if the impurities are kept under control, the 11/Of process will prove to be an economical process to reclaim scrap.
2. An attempt to determine the mechanism of dehydriding in dynamic vacuum between partial pressures of 1 micron and .088 micron shows that the kinetics is, most probably, controlled by the process:
and not by the diffusion of hydrogen in the lattice, which is very fast.
The activation energy for the process between 12070 and 1500*F and partial pressures between I micron ano .088 micron is 21,76001840 cal. However, at lower partial pressures, the kinetics may be controlled by thp geometry and type of vacuum system used.
3. The (Ti,Zr)HI+x phase in the starting material decomposes within a few minutes of the starting of the experiment at temperatures between 1207PF and 1500SF and then there is a decrease in size of the unit cells of both a-and S-phases with decrease in hydrogen concentration in the alloy. 
